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Method for detection of malfolded protein 

The current invention concerns a new method for the detection of malfolded proteins; a 
method for the measurement of the amount of malfolded protein produced; and a method 
for the detection of compounds that Influence the malfoldlng. 

When malfolded proteins accumulate in a cell, the transwiption of genes encoding certain 
proteins is induced in the nucleus. This 'unfolded-protein response' was first studied In 
animal cells, where the expression of BIP/GRP78, GRP94. PDI/ERp59 and ERp72 is 
induced by a variety of different treatments that cause an Increase in malfolded protein. 
The response to the accumulation of malfolded proteins is regulated at the transcriptional 
level with the aid of certain enhancer elements. 

A similar response to the accumulation of malfolded protein has also t>een observed in 
Saccharomyces cerevisiae, where the expression of a similar set of genes is induced, 
including Bip (encoded by KAR2), PDI, Eug1p, and peptidyl-prolyl ds-trans isomerase. 
Using deletion analysis with the KAR2 promoter, a 22 bp element, the unf old-protein- 
response element (UPR) has been identified. This UPR is necessary and sufficient to 
activate transcription in response to the accumulation of malfolded protein (Shamu et a/., 
Trends in Cell Biol. (1994), 4. 5&60). 

The biological function of a protein is governed by specifically adopted three-dimensional 
stnictures. Malfolded or aggregated proteins fail to acquire the necessary confonnatlon 
required for the activity of a protein. Usually, the accumulation of malfolded proteins in the 
cell is connected directly or indirectly to several diseases like Alzheimer's disease (AO) and 
human prion associated diseases like Creutzfeldt-Jacob disease and Gertsmann- 
Str&ussler-Scheinker disease. Another example for the effect of a malfolded protein is the 
tumor supressor protein p53 that is a negative regulator of cell growth (Donehower & 
Bradley, Blochim, Biophys. Acta (1993), 1155. 81-205). The majority of human tumors 
express mutant p53 proteins. (Hence, it is believed, ttiat mutant p53 proteins are malfolded, 
or at least partially denatured. 

Alzheimer's Diseases, for examine, is pathologically connected to the appearance of 
cerebrovasular amyloid deposits. The major protein found in these deposits is a 39-42 
amino acid peptide named p-amylold peptide mainly in the form of cross p-conformation. 
From cDNA analysis it became evident that the p-amyloid peptide is derived from a amyloid 
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precursor protein (APP) through in vivo proteolysis. APP is produced in numerous celi 
types and normaliy does not aggregate. In contrast thereto synthetic molecules of fi- 
amyloid have been shown to aggregate (Barrow et at., J. Mol. Biol. (1992), 225, 1075- 
1093). It is though that, in the cell, proteins which initially malfbtd ultimatively undergo 
a^regation but protein that aggregate are not necessarily malfolded. 

With this knowledge at hand, it would be highly appreciated to have a test that allows a fast 
and easy way to screen compounds for their Influence on malfolding of proteins, for 
example for their ability to minimize the production of a certain malfolded protein, to reduce 
the negative effects of the malfolded protein produced or to countert)alance effects that 
cause a protein to become malfolded. 

Summary of the invention 

Surprisingly, it has now been found that the influence of compounds on the malfolding of 
proteins can be monitored via an easily measurable reporter gene product if the DNA 
coding for the malfolded protein is connected operable to a signal sequence that induces 
the transport of this protein through the endoplasmic reticulum (ER) and if one or more UPR 
elements are connected operable to the reporter element The inventive method also 
provides an easy method for determining whether unusual aggregation of a protein is 
related to malfolding or not. For example in the case of the p-amyloid peptide it has been 
surprisin^y found, that aggregation that occurs in vivo and in vitro is associated to 
malfolding and can be monitored In vivo using the inventive system. Furthermore, the rate 
of aggregation of different p*amyiold peptides (shortened, inverted or from different 
organisms) as estimated in vitro is closely correlated to the rate of malfolding measured with 
the inventive system. Therefore, it is also possible to monitor the influence of mutations on 
the rate of malfolding and the effect associated therewith. 

Detailed description of the invention 

The present invention concerns a host transformed with at least a first and a second 
expression cassette, wherein 

• the first expression cassette comprises one or more unfdded-protein-response elements 
(UPR) operably linked to a reporter element; 
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• the second expression cassette comprises a promoter operably linked to a signal 
sequence, to a ONA encoding a protein wtiose malfolding Is to be monitored and to a 
terminator; and 

wherein these first and second expression cassettes are not naturally occurring in the host 
and wherein the protein to be monitored in the second expression cassette is selected from 
the group consisting of a prion, p53, p-amyloid peptide and functional derivatives thereof . 

Hosts 

A suitable host, according to the present Invention, may be any host which is capable of an 
•unfolded-protein response', lil<e hosts that secrete proteins via the ER. Examples for 
suitable hosts are plant, insect, mammalian, fungal, or animal cells. Preferred are fungal 
cells, more preferred Is a yeast cell and most preferred is Saccharomyces cerevisiae. 

Suitable yeast strains according to the invention include strains of S. cerevisiae containing 
the endogenous two*micron plasmid or such strains which have been cured of said 
endogenous two-micron plasmid (see EP-A-340170). 

The host can be transformed with the required first and second expression cassette by 
means commonly used In genetic engineering and as described, for example. In Sambrook 
et al, Molecular Cloning: A laboratory manual, 2^ Edn. 1 989. 

Expression cassettes 

An unfolded-protein-response elements (UPR), as used in the first expression cassette, is a 
fragment of DNA that is involved In the transcription Initiation in case malfoided protein 
accumulates. UPR elements can be isolated, for example, from the initiation region of a 
protein that is Involved originally In the response to the accumulation of malfoided protein as 
for example from BiP, FKB2. BIP/GRP78, GRP94. PDI/ERp59 and ERp72 (Shamu et a/., 
Trends In Cell Biol. (1994), 4, 56-60). 

A prefen'ed UPR is isolated from BiP and more preferably comprises a DNA sequence as 
depicted In SEQ ID NO 1 or Is a functional equivalent thereof. Functional equivalent has 
the meaning of a DNA sequence that is derived from SEQ ID N0 1 by replacement of some 
of the restriction sites at one or both ends or by replacement of nucleotides, e.g. 1 to 5. that 
do not interfere with the activity to respond to the accumulation of unfolded protein. For a 
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more strong response to the accumulation the UPR may be present In more than one copy, 
for example in 2 to 5 copies. 

In a preferred first expression cassette of the invention, the reporter element comprises a 
promoter operably linl<ed to a DNA that Is transcfllied under the control of this promoter, 
and to a terminator. 

The promoter in this reporter element can tie of almost any origin. It Is for example possible 
to use a tightly regulated promoter or the promoter that is naturally adjacent to said DNA, 
like the p-galactosidase or luciferase promoter, or the CYC1. the Gal1/GAL19, PH05 or the 
KAR2 promoter. In a preferred embodiment of the invention the promoter is selected from 
the group consisting of the CYC1 and the KAR2 promoter. 

A suitable DNA that is transcribed under the control of this promoter usually causes an 
effect ttiat can be measured easily during or after banscripUon or translation. Preferred are 
transcr^tlon or translation products that can be measured easily e.g. via the measurement 
of the amount of protein. mRNA or DNA produced: or that cause an effect that can be 
measured easily, e.g. cell growth, an enzymatic reaction or color. Hence, the transcribed 
DNA codes, for example, for a protein that is produced in an amount that is related to the 
amount of activation of said promoter and that is, e.g., not produced elsewhere in the 
chosen host under the applied conditions. Examples for suitable proteins are the 
metallothionein that is encoded by the yeast CUPI gene, p-galactosidase or lucHerase. 
Preferred is luciferase and p-galactosidase. 

A suitable terminator for tWs first expression cassette usually contains also the proper 
signals for transcription temilnatlon. TWs temilnator may be naturally linked to the 
transcribed DNA or may be introduced from a different origin Uke the EHQS. the a-factor or 
the SUC£ terminator. 

This first expression cassette may, for example, contain additionally a DNA sequence 
encoding a signal peptide as defined below. 

The promoter for the second expression cassette according to the invention can be almost 
any promoter homologous or heterologous to the host. It is. for example, possible to use 
the promoter originally Bnked to the DNA encoding the protein whose malfolding Is to be 
monitored; or it can be promoter commonly used in genetic manipulations of the host. The 
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promoter can be inducible or not inducible lilie the CUP1, GAPDH, GAPFL. GAL(1/10). 
PYK, TPI, ADH, PRC1 and PGK promoter. Preferred is the GAPFL promoter or a functional 
derivative thereof. 

If a Inducible promoter Is used, the host can be grown under optimal growth conditions and 
the expression of the protein whose malfolding Is to be monitored can be induced at a 
desired moment 

The signal sequence usually is chosen in accordance with the host that Is used in the test. 
A suitable signal sequence can be derived from any gene coding for a polypeptide that Is 
ordinarily secreted. Examples are the SUC2. CPY, a-factor. KEX1. PH05 and the 
glucoamylase signal sequence. 

The protein whose malfolding is to be monitored are prions, p53, the p-amylcrid peptide or 
functional derivatives thereof, in a preferred embodiment of the invention the protein to be 
monitored comprises the p-amyloid peptide or a functional derivative thereof. The 
expression functional derivative denotes a peptide that is derived from the original 
malfolded peptide by minor changes, for example through up to 10 amino acid 
replacements, addition, or deletion, but wherein the properties in respect to malfolding are 
comparable or equal. 

The terminator used in the second expression cassette can be the terminator naturally 
adjacent to the DNA coding for the protein whose malfolding is to be monitored, or another 
terminator as described alsove. 

The promoter, the DNA sequence coding for the signal peptide, the DNA sequence coding 
for the polypeptide and the DNA sequence containing transcription termirmtion signals are 
operabiy linked to each other, i.e. they are juxtaposed in such a manner that their nonfnal 
functions are maintained. The array is such that the promoter effects proper expression of 
the signal sequence-polypeptide gene complex, the transcription termination signals effect 
proper termination of transcription and polyadenylation and the signal sequence is linked in 
the proper reading frame to the polypeptide gene in such a manner that the last codon of 
the signal sequence Is directly linked to the first codon of the gene for the polypeptide. The 
promoter is preferably joined to the signal sequence between the major mRNA start and the 
ATG naturally linked to the promoter gene. The signal sequence has its own ATG for 
translation initiation. The junction of these sequences may. for example, be effected by 
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means of synthetic oligodeoxynucleotide linkers carrying the recognition sequence of an 
endonudease. 

The expression cassettes according to the Invention may be inserted into the genome of the 
host or in form of a stable piasmid like the two micron plasmid. If one or both of the 
expression cassettes are inserted in form of a statrie plasmid. apart from the polypeptide 
expression cassettes the expression plasmids can comprise a DNA segment originating 
from two-micron DNA containing the origin of replication or, If a two-micron DNA free strain 
of yeast is used, total two-micron DNA. The latter type of plasmids is prefen^ed in this case. 
For example, the plasmids according to the invention contain the complete two-micron DNA 
in an uninterrupted form. i.e. two-micron DNA is cleaved once with a restriction 
endonudease. the linearized DNA is linked with the other components of the vector prior to 
redrcularization. The restriction site is chosen such that normal function of the REP1, 
REP2 and FLP genes and of the ORI. STB. iR1 and IR2 sites of two-micron DNA as weU as 
small TU=> recogniUon target" (FRT) sites, located near the center of each inverted repeat 
(IR) at which the FLP recombinase acts, is maintained. Optionally, the restriction site is 
chosen such that the D gene of two-micron DNA Is kept intact too. Suitable restriction sites 
are, for example, the unique PstI site located within the D gene and the unique Hpai and 
SnaBI sites located outside of all of said genes and sites. However, it is likewise possible to 
insert the expression cassette and further components (cf. below) at different (such as two) 
restridion sites, espedally those mentioned above, within two-micron DNA. 

Such a plasmid derivative may comprise only two invertedly repeated FRT sites or an 
additional, third FRT site. The former kind of piasmid is hereinafter called a "symmetric two 
micron-like hybrid vector". The latter kind of plasmid is hereinafter called "symmetric two 
micron-like disintegration vector" despite it is not a real symmetric plasmid but gives rise to a 
symmetric two mkron-like hybrid vedor in the yeast cell transformed therewith (EP*A- 
501 914). 

A symmetric two micron-like hybrid vedor of the invention does preferentially not contain 
baderiat or viral DNA sequences, i.e. DNA derived from a baderial genome, plasmid or 
vims. However, a two mksron-like disintegration vedor of the invention may comprise DNA 
sequences of prokaryotic origin between the two diredly repeated FRT sites which are 
exdsed from the vedor in the transformed yeast cell in which the symmetric two micron-like 
hybrid vedor is generated from the disintegration vedor. These DNA sequences are 
baderial sequences as described below and can provide to the vector essential strudurai or 
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fundional features or can also only have the function of filling up the two regions between 
the two invertedly repeated FRT sites of an unsymmetric two micron-like plasmid derivative 
or of an "unsymmetric" disintegration vector In order to construct a symmetric two micron- 
like hybrid vector or a symmetric disintegration vector. 

In a preferred embodiment, the two regions between Invertedly repeated FRT sites of the 
circular form of the two-micron DNA have approximately the same length. 

Preferably, the expression plasmids according to the invention include one or more, espe- 
cially one or two, selective genetic markers for the host used in the test and such a marker 
and (except for symmetric two-micron like hybrid vectors) an origin of replication for a 
bacterial host, especially Escherichia coll 

As to the selective gene martcers. any martcer gene can be used which facilitates the 
selection for transformants due to the phenotypic expression of the mariner gene. Suitable 
martcers are, for example, those expressing antibiotic resistance or. in the case of 
auxotrophic host mutants, genes which complement host lesions. Corresponding genes 
confer, for example, resistance to the antibiotics G418, hygromydn or bleomycin or provide 
for prototrephy in an auxotrephic yeast mutant, for example the URA3. LEU2. til^ 
orlBElQone. 

As the amf^ification of the expression plasmids is conveniently done in a prokaryote, such 
as £ CO//, a prokaryote, e.g. E. coli, genetic maricer and a prokaryote, e.g. E. co//, replication 
origin are Included advantageously. These can be obtained from corresponding prokaryotic 
plasmids, for example E. coli plasmids, such as pBR322 or a pUC plasmid, for example 
pUC18 or pUC19, which contain both prokaryotic, e.g. E. coli, replication origin and genetic 
mart(er conferring resistance to antibiotics, such as ampidilia 

Apart from the polypeptide expression cassette, replication origin(s) and genetic mart<er(s) 
the expresston plasmids according to the invention contain optionally additional expression 
cassettes, such as 1 to 3 addittonal polypeptide expression 

The expression plasmids according to the invention are prepared by methods known in the 
art, for example by linking the polypeptide expression cassette, the DNA fragments 
containing selective genetic martcers for host used in the test and optionally for a bacterial 
host, the origin(s) of replication for yeast and optionally for a bacterial host, and optionally 
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additional functional fragments or expression cassettes in ttie predetermined order using 
conventional chemical or biological in vitro synthesis procedures. Preferentially the 
plasmids are constmcted and prepared using recombinant DNA techniques. For the 
preparation by recombinant DNA techniques suttable DNA fragments are ligated in vitro in 
conventional manner. The ligation mixture Is then transformed into a suitable prolcaryotic or 
eul<aryotic host depending on the nature of the regulatory elements used, and a 
transformant containing the desired vector is selected according to conventional 
procedures. The plasmids can be multiplicated by means of the transformed hosts and can 
be isolated in conventional manner The choice of the host depends on the regulatory 
sequences located on the vector As the expression vectors of the invention preferentially 
comprise regulatory sequences functional in prokaryotes, e.g. E. coli, a prokaryotic host, 
e.g. £. colin is preferred for the construction and multiplication of the vector 

A further emt>odiment of the invention concerns an expression cassette comprising a 
promoter operably linlced to a signal sequence, a DNA encoding the p-amyloid peptide or a 
functional derivative thereof, and to a terminator, a hybrid plasmid comprising said 
expression cassette, in a preferred fonn this plasmid is based on the two-micron plasmid of 
S. cerevisiae . 

Methods for the construction of these expression cassettes from the different functional 
fragments are well Icnown in the art and are reviewed, for example, in Sambrook et aL, 
Molecular Cloning: A laboratory manual, 2*^ Edn. 1989. 

The transformed strains are cultured using methods Icnown in the art. 

Corresponding complex culture media which can be used for culturing yeast are known In 
the art. For examples, such culture media contain tryptone, peptone, meat extracts, malt 
extracts, yeast extracts, casamino acids, com steep liquor, soy bean flour, whey, whey 
hydrolysate etc., and especially mixtures thereof and are optionally additionally supple- 
mented with sugars (e.g. dextrose, glucose, sucrose, galactose etc.). vitamins (e.g. biotin), 
individual amino acids, inorganic salts (for example, sulfates, chlorides, phosphates and 
carbonates of sodium, potassium, magnesium and calcium, furthermore corresponding salts 
of trace elements, such as iron, zinc and manganese) and the like taking into account that 
all essential components as outlined above are to be present in the medium. A preferred 
culture medium is the commercially available medium YPD (yeast extract, peptone, 
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dextrose; cf. Methods Enzymol. 194, 13) optionally supplemented with inorganic salts and 
vitamins. 

Method for testing 

Another embodiment of the invention concerns a method for the determination of the 
influence of a compound on the appearance of malfolded protein, comprising culturing a 
transformed host as defined above under suitable conditions, applying the compound to be 
tested and measuring the amount of reporter gene activation. 

This influence may be leased, for example, on the inhibition of conditions that induce 
malfolding of said protein, promotion of the correct folding of said protein or prevention of 
the aggregation of said protein. 

The test can be carried out, for example, In the following form: 

• growing the transformed host canying the two expression cassettes under suitable 
conditions; 

• optionally inducing the expression of the protein whose malfolding Is to be monitored, this 
induction is necessary, for example, if the expression of this protein is under the control of 
a inducible promoter; 

• optionally adding a compound that promotes the malfolding or aggregation, this is 
necessary, for example, if malfolding of the protein depends on additional compounds, 

• adding the test compound ; and 

• monitoring the transcription or translation of the reporter element, or the transcription or 
translation products or the effects caused thereby . 

In a preferred embodiment of the invention the method is used for the identification of 
compounds that inhibit the aggregation of p-amyloid peptide. These compounds can act, 
for example, tiy 

• binding to or modifying the protein and inhibiting thereby the aggregation; 

• by binding to or modifying the protein and inhibiting thereby the binding of another 
compound that initiates or promotes aggregation of the protein; or 

• by binding or modifying the compound that initiates or promotes the aggregation of the 
protein. 
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Compound 

Also enclosed are the new compounds identified using the inventive method and the use of 
these compounds in a method of treatment and especially for the inhibition of protein 
aggregation as defined atKive. These new compounds may bie used, for example, in the 
treatment of cancer or Alzheimer's disease. 

Brief description of the drawings 

In the following experimental part various embodiments of the present invention are 
described with reference to the accompanying drawings in which: 

Fig. 1 is a schematic illustration of plasmid pCS2-1. 
Fig. 2 is a schematic illustration of plasmid pFL38^ CPY. 

Examples 

The following examples illustrate the invention and should not be construed as a limitation 
thereof. 

Ail enzymatic reaction iilce cleavage with restriction enzymes, ligations, transformation, 
annealing and p-galactosidase assay are standard methods in genetic engineering and are 
carried out essentially as described in Sambrook et al, Molecular Cloning: A laboratory 
manual, 2"^ Edn. 1989. 

The enzyme employed for all PGR reactions is Vent polymerase (New England Bio-Labs). 
The Primers are synthesized on a DNA synthesizer. 

Example 1: Constmction of pPFY7 vector for Integration of the lacz expression cassettes. 

under the control of the unfolded-proteln-response elementfe) linlced to a core 

promoter, into the veast chromosome 
The plasmid pPFY7 is a pBluescrtpt (Stratagene*) based vector. It encodes the 
Saccharomyces cerevisiae LEU2 gene as a yeast selection marker, it also contains the 
CYCIp-lacz fusion gene. CYCIp represents the core promoter of the yeast iso-1- 
cytochrome c (QYQl) gene and lae encodes the E. co/i p-gaiactosidase enzyme. 

The plasmid pPFY7 has been obtained as follows. 
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The plasmid pBluescripl SK+ (Stratagene*) is digested with Sspl and Nael and a 2832 bp 
fragment is Isolated by agarose/TBE gel electrophoresis. The fragment is isolated and 
purified by GeneClean^ (Bio 1 01 , CA, USA). 

The -2190 bp Saccharomyces cere^siae 1£U2 gene is Isolated as a Sspl-Tthi fragment 
from the piasmid pRS425 (ACTT 77106). After digesting pRS425 with TthI, the sticky end is 
flushed with the large fragment of Klenow DNA polymerase which is followed by a partial 
digest with Sspl. The above fragment is isolated and purified by GeneClean ^ as above. 

The 2832 bp Sspl-Nael fragment and a -2190 bp Sspl-f lushed end fragment are ligated 
and transformed in E. colt HB101. DNA obtained from individual transformants are 
analyzed by restriction enzyme analysis. One done with the correct restriction fragments is 
named pLEU2. 

The plasmid pLEU2 is completely digested with Xhol and Pvull. A -4716 bp fragment is 
isolated as described above. An Xhol-Pvull -3500 bp fragment is isolated from the plasmid 
PLG669-2 (Guarenle & Ptashne. Proc. Natl. Acad. Sd. USA (1981). 2199-2203) by first 
digesting with Xhol and then performing partial digestion with Pvull. The two fragments are 
ligated and transformed in HB101. One clone with the con-ect restriction fragments is 
named pPFY7. 

Example 2: Construction of olasmids containing lacz exoression c assettes, under the 

control of the unfolded-orotein^response element(s) linked to a cor e promoter 
The 22 bp unfolded-protein-response (UPR) element (Mori et a/., EMBO J (1992). 11. 2583- 
2593) is chemically synthesized and consists of double-stranded deoxyoligoribonucleotide 
linkers (SEC ID NO. 1). The fragment contains Xhol sticky ends, one of which is 
maintained as a Xhol site after subctoning in the Xhol digested vector pPFY7. Ugation is 
perfomied after linker-tailing. 

SEC ID N0 1: 
Xhol 

5* TOGA G GGA ACT GGA CAG CGT GTC GAAA 3* 
V C COT TGA CCT GTC GCA GAG CTTT MCT 5* 

Xhol 



Linker-tailing involves the following steps. 
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-100 ng of double-stranded deoxyoligoribonudeotides (see SEQ ID NO 1) is ligated to 1 pg 
of Xhot digested pPFY7 at 4X for 15 h In ttie presence of T4 DMA iigase (Ipl; 1U/mI; Gibco- 
BRL, Basel. Switzerland). The ligation mixture is fractionated by electrophoresis on a 1% 
agarose-Tris-acetate geL The linear fragment, which contains the ligated linkers, is isolated 
and purified by GeneClean^ (Bio 101. C A. USA). The DNA is re-annealed by incubation at 
SS^'C followed by slow cooling to room temperature and Is then transformed in the £ coli 
strain HB101 . The DNA obtained from the transformants is analyzed on a 2% agarose gel. 
The clones which show a distinct increase after digestion with Xhol and BamHI are the ones 
which have the UPR element in the correct orientation upstream of the CYC1 core 
promoter One such plasmid is named pCS2-1 (Figure 1). The insert is confirmed by DNA 
sequencing using the Applied Btosystems DNA sequencer 370A. 

The 22 bp unfolded-protein-response element (see SEQ ID NO 1) is ligated to pCS2-1, 
again via linker-tailing (as described above). This yields the plasmid pCS2-2 which encodes 
two copies of the UPR element and is confirmed by DNA sequencing (see above). 

The plasmlds pCS2-3, pCS2-4 and pCS2-5 are obtained similarly. These encode three, 
four and five UPR elements, respectively. All inserts are confimied by DIMA sequencing 
(see above). 

Examole 3: Chromosomal inteoration of UPR-CYC1 p-lacz fusion oenes in the veast strain 
W3116 

The Bio-Rad gene pulser* is employed for transfomiation of yeast cells by electroporatlon 
(Becker & Guarente. Methods-Enzymol, (1991). 194, 182-187). The yeast strain W3116 
(Mflta leu2-3 leu2-112 nfeS 11183:5^ Dcrl-A.: HIS3 pep4-A1137) (J. WInther, Carlsberg 
Laboratory. Denmark) is used for afl Integrations of UPR-CYC1 p-lacz gene fusions into the 
yeast chromosome. W3116 is constnjcted from the strain W3094 as described in van den 
Hazel et a/., Eur. J. Biochem. (1992). 207, 277-283) by gene replacement (Winston et al.. 
Methods Enzymol. (1983), 101. 211-228) using the plasmid pJW1137, This plasmid carries 
a PEP4 gene (Ammerer et aL, Mol. Cell. Biol. (1986), 6. 2490-2499) with a deletion from the 
EcoRI to the Clal restriction site, which takes out the promoter and first 75% of the open- 
reading-frame. 

The UPR-CYC1 p-lacz constojcts (pCS2-1 to 5) are integrated into the LEU2 locus of BstEII 
cleaved strain W3116 after linearization of the plasmids with BstEII. Connect gene 
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Integration and gene replacement events are verified by PGR. Subsequently, the amplified 
fragments are analyzed by agarose gel electrophoresis. 



TABLE 1. Yeast strains harboring UPR-CYCIp-lacz fusion on the chromosome 



Strain 


Genotype 


UPR-CYCIp-las Fusion 


W3116 


Mata Ieu2.3 Ieu2-112 hls3 ura3^2 ocrl-A:: HISS 




pep4-A 1137 


W3116- 

1 X lacz 


Mata LEU2::dCS2-1 iMSS ura3-S2 pcr1-A:: HIS3 
pep4-A1137 


1 X UPR-CYCIp-lacz 


W3116- 
2 X lacz 


M^ta \^\)^::pCS2-2 hls3 ura3-52 perl -A:: HIS3 
pep4-A1137 


2 X UPR-CYCIp-lacz 


W3116- 
3 X lacz 


Mata LEU2::dCS2-3 l]is3 UQ2:S2 pcrl-A:: HIS3 
pep4-A1137 


3 X UPR-CYCIp-lacz 


W3116- 
4 X lacz 


Mata LEU2::oCS2-4 gra3-52 perl -A:: HIS3 
pep4-A 1137 


4 X UPR-CYCIp-lacz 


W3116- 
5x]aK 


Mala LEU2::pCS2-5 Iils3 ura3-52 perl -A:: HIS3 
pep4-A1137 


5 X UPR-CYCIp-lacz 



Example 4: Protein malfoldlno in the endoplasmic reticulum, caused bv the Qlvcosvtation 

inhibitor tunicamvcin. Induces UPR*CYC1p-lacz genes 
All yeast strains in Table 1 are grown as a pre-culture in SD medium (0.67% yeast nitrogen 
base without amino adds, 2% glucose) for 24 h at 30**C. An aliquot of the pre-culture (1%) 
Is inoculated in YPD medium (1% bacto-yeast extract, 2% bacto-peptone, 2% glucose) and 
the cells are grown for 16 h at 30''C (control). For induction of protein malfolding, an aliquot 
of mid-logarithmic phase cultures are treated with tunicamydn (10pg/ ml; Sigma) for 6 h at 
SO'X:. The cells are han^ested and washed with 0.9% NaCI. p-galactostdase activity, 
measured as o*nitrophenyl-p*D-galacto-pyranoside hydrolysis at 420 nm. is nomialtzed to 
cell culture density and expressed as arbitrary units. The activity in the control strains 
(which are not treated with tunicamydn) and harboring the plasmid pPFY7, is set to the 
value 1. The results, which are an average of three individual integrants (each assay 
having been performed in duplicate) are depicted in Table 2. 
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TABLE2. Induction of p-galactosldase by tunicamydn in yeast strains harboring UPR-lacz 



strain 


Fusion 


p-gal activity 
{-) tunicamydn 


p-gal activity 

(+) tunicamydn 


W3116 






1 


W3116-1 xiacz 


1 xUPR-CYCIp^acz 




1.5 


W31 16-2 X las 


2xUPR-CYC1p-lacz 




3 


W3116-3x]ass 


3xUPR-CYC1[Hacz 




12 


W3116-4xJaB 


4xUPR-CYC1p-lacz 




16 


W3116-5xlacz 


5 X UPR-CYCIfHacz 




17 



Example 5: Construction of a 2*fnicrDn olasmid which encodes an exoression cassette for 
wild tvoe CPY 

The plasmid pLV9 contains the complete PRC1 gene which encodes the yeast 
carboxypeptidase Y enzyme (CPY) is constmcted as described in Vails et a/.. Cell (1987), 
48, 887-897. The Clal-Hindlll PRC1 fragment (containing the promoter, the coding 
sequence for preproCPY and the transcription terminator) from pLV9 is Isolated and 
converted to a Sall-SacI fragment (5* to 3') for convenient cloning in the 2-micron-based 
vector pDP34 (DSM 4473) and the centromere vector pFL38 (ATCC 77203). The 
manipulations of restriction sites at the 5' and 3' ends of PRC1 are made using Sail and 
Sad linkers available from Boehringer. 

The plasmid pDP34 Is an £ colhS. cerevisiae shuttle vector, which contains the complete 
5. cerevisiae 2-micron plasmid and encodes the S. cerevisiae URA3 and dLEU2 genes as 
yeast selection maricers (EP-A-340 170). 

The plasmid pFL38 is also an E. co//-S. cerevisiae shuttle vector, which contains the 
centromere CEN6 . an autonomously replicating sequence from 5. cerevisiae (ARS) and 
encodes the 5. cerevisiae URA3 as a yeast selection martcer. 



After subdoning of the Sail-Sad PRC1 gene fragment In pDP34 (completely digested with 
Sail and Sad), one correct plasmid is named pDC13. 
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The Sall-SacI PRC1 gene fragment is also subdoned in pFL38. which is completely 
digested %vith Sail and Sad, to obtain pFL38/ CPY (Figure 2). 

Example 6: Construction of mutant CPY precursor oenes 

The mutations incorporated in the C-terminus of the CPY polypeptide sequence are 
descfit)ed In Table 3. The site where precursor pro-CPY is processed by proteinase B to 
form mature CPY is between the residues Asn1 1 1 and Lysl 12 of the prepro-CPY sequence 
(shown in the one-letter code N and K in Table 3). The residues which are replaced in the 
wild type (wt) sequence are underlined. 



Table 3. The amino acid replacements in the mutated pro-CPY proteins by PCR-mediated 
site-directed mutagenesis 



CPY variant 


Amino add sequence at the 
C-terminus of the pro- 
sequence of CPY 


SEQ ID NO of the primers 
used for mutagenesis 


wt(as in pFL38/CPY) 


AIENYQLRVNK 




Muti 


AIENYQKRVNK 


2 and 3 


Mut2 


AIEMLDKRVNK 


4 and 3 


MutS 


AIEMYKRDPGK 


5 and 3 



The mutations are generated by performing PCR-mediated site-directed mutagenesis on a 
157 bp Munl-BamHI fragment of PRC1 as comprised in pFL38/CPY (Vails ef a/., CeB 
(1987), 48, 887-897). The primers used for the PCRs are depicted in Table 3. 

A Sal-MunI fragment frcim pFL38/CPY (see Figure 2 and Example 5) and the mutated Munl- 
BamHI fragments (see above) are initially subcloned in pUC19 which is completely digested 
with Sail and BamHI. The resultant plasmids contain a 1159 bp Sall-BamHI fragment 
belonging to the 5* end of PRC1 . The mutations are confirmed by DNA sequencing (see 
Example 2)* 
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Example 7: Constmction of 2«micron plasmids which encode expression ca ssettes for 

mutant CPY precursor oenes 
The complete mutant genes, encoding the promoter, the coding sequence and the 
transcription terminator) are assembled as Sall-SacI fragments. 

A Sall-BamHI fragment (containing a mutated pro sequence of CPY; as 8Ut)Cloned in 
pUC19; see Example 7). a BamHI-Ncol (931 bp) and a NcohSacI (546 bp) (the latter two 
fragments are obtained from pFL38/CPY; see Figure 1 and Example 5) are subdoned in 
pDP34 completely digested with Sail and BamHI. The resulting plasmids are named pDC8 
(encoding Mut1 PRC1) , pDC9 (encoding Mut2 PRC1) and pDC10 (encoding Mut3 PRC1), 
They are used for expression in yeast. 

Example 8: The mutant PRC1 oenes express malfolded proteins 

The plasmids pDC8 (encoding Mut1 PRC1V pDC9 (encoding Mut2 PRC1) . pDC10 
(encoding Mut3 PRC1^ and pDC13 (encoding wt PRC1) are transfonned in the strain 
W3116-3 X lasz via dectroporation (see Example 3). The p-galactosidase expression 
induced by the mutant PRC1 genes is compared to the strain which harbors the wild type- 
gene (wt-gene). Three individual transformants from each of the above four transfomnations 
are grown as in Example 4. Each assay is performed in duplicate. The results are depicted 
in Table 4. The p-galactosidase activity in the strain YDC13, expressing wt EBCl. is set to 
the value 1. 

TABLE4. Induction of p-galactosidase by mutated pro-CPY molecules in a strain wNch 
harbors 3 x UPR-lacz 



Plasmid 


PRC1 allele 


Yeast Transformant 


p-gal activity 


pDC13 


wt 


YDC13 


1 


pOC8 


Muti 


YDC8 


3 


pDC9 


Mut2 


YDC9 


4 


pDCIO 


Mut3 


YDC10 


2.5 



Similar results have been obtained with the strain W31 16-4 x lass. 
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Examole 9: The mutated oro-CPY proteins can also be monitored as malfolde d when the 

lacz reporter is under the controi of the complete KAR2 promoter 
In order to make the KAR2p-lacz constmct, an Xhoi-BamHI fragment containing the Q^iQl 
promoter is removed from the piasmid pCS2-1 and is replaced by a 630 bp Sall-BamHI 
KAR2 promoter fragment (Rose et aL, Cell (1989), 57. 1223-1236). The KAR2 promoter is 
isolated by PCR using the two primers wtth SEQ ID NO 6 and 7. The template for PGR is 
the yeast strain S288C(ATCC 26108). The resulting piasmid is named pCSF0L4. TNsis 
integrated in W3116 as described in Example 3. Correct integrations are confirmed (see 
Example 3). One of these strains is refened to as W31 1 6 tCARgp-lacz. 

The plasmids pDC8 (encoding Muti PRC1V pDC9 (encoding Mut2 PRCIV pDCIO 
(encoding MutS PRCI^ and pDCIS (encoding wt PRG1) are transformed in the strain 
W311 6KAR2P-Iacz (see above) Wa electroporation (see Example 3). 

The p-galact05idase expression induced by the mutant PRC1 genes is compared to the 
strain which harbors the wt gene. Three individual transformants from each of the above 
four transformations are grown as in Example 4. Each assay is performed In duplicate. The 
results are depicted in Table 5. The p-galactostdase activity In the strain transfbnned with 
pDCI 3, which encodes wt PRC1. is set to the value 1 . 

TABIDS. Induction of p-gatactosidase by mutated pro-CPY molecules in a strain which 
harbors KAF^p-iacz 



Piasmid 


PRC1 allele 


p-gal activity 


pDC13 


wt 


1 


pOC8 


Mut1 


1.5 


pOC9 


Mut2 


2 


pDCIO 


MutS 


1.2 



Example 10: Construction of an expression cassette for the human B-amvloid peptide 

fBA4V without anv signal peptide 
The piasmid pJC21 (encoding only PA4 mlh no signal sequence; expression t)eing under 
the control of the GAPCL promoter) is constructed as following. 
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A Sall-Bglll fragment of the GAPCL promoter (containing a -275 bp Sall-BamHI pBR322 
fragment and a -400 tjp promoter fragment from ttie yeast GAPDH gene) is isolated by 
PCR using the primers with SEQ iO NO 8 and 9. Plasmid pBCI that is constnjcted as 
described in Chaudhuri etal., Eur. J. Biochem. (1992). 206. 793-800 is used as template. 

The double-streinded DNA encoding the 42 amino add pA4 peptide (IMQiier-Hill & 
Beyreuther, Annu. Rev. Biochem. (1989). 58. 287-307) is chemically synthesized using 
oligomeis vyith SEQ ID NO 10^11 and is amplified by PCR using two primers (SEQ ID NO 
12 and 13). The Bglll-EcoRI fragment of |JA4 is subcloned in pUCIQBgl (the BamHI site of 
pUC19 has been modified to a Bglll site to form pUC19Bgl; the BamHI site is flushed with 
Klenow polymerase; Bglll linkers /Boehringer are llgated, which Is followed by digestion with 
Bglll and religation) and the sequence is conflrmed as in Example 2. 

SEQ ID NO 10/11 
Bglll Met 

5 • ASCTCTGaro GAOGCTSAAT TTAGACAOaV CTCTOGITAC GMGTICAOC 

ADCAAAAGTT {jUlCVLVl ' lV QCTCAAGAOS TTOOT 3' (SEQ ID 10) 

31 OCAGAAGAAG GGACnCIGC AACCAAGATT GTIOCXIACGA 

TAATAAOCAA ACTAOCAAOC AOCACAACAC TAGCGAATI C TIAAG 5' (SBQ ID 11) 

ECX^ 

An EcoRI-SacI terminator fragment from the yeast gene (Taussig & Caitson, Nucleic 
Adds Res. (1983), 11. 1943-1954) is isolated by PGR using the primers with SEQ ID N0 14 
and 15. Yeast genomic DNA (from the wild type strain S288C) is used as template. 

The three fragments (Sall-Bglll, Bglll-EcoRI and EcoRI-Sad) are subdoned in pDP34. 
which is completely digested with Sail and Sad, to yield pJC21 (see Table 6). 

Example 11: Construction of expression cassettes for the human 6-amyloid pepti de (&A4). 
with a signal peptide 

pJC22 (encoding the SUC2 signal sequence linl<ed to PA4; expression being under the 
control of the GAPCL promoter). pJC26 (encoding the PRC1 prepro-sequence linked to 
pA4; expression being under the control of the PRC1 promoter) and pDP34-NL5-PA4 
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(encoding the nuclear localization sequence. NLS. from the SV40 large T antigen sequence 
and PA4; expression being under the control of the GAPCL promoter) are constructed in a 
way similar to the construction of pJC21 (see Example 10; Table 6). 

A Sall-Bglll fragment containing the GAPCL promoter linked to the signal sequence 
(i. e. pBR322-GAPCLp-lnvss) Is amplified by PGR using the primers with SEQ ID NO 8 and 
16. Rasmid pBCI (see Example 10} Is used as template. 

A Sall-Bglll fragment containing the PRC1 promoter linked to the prepro sequence of CPY 
(i. e. CPYp-prepro) is amplified by PGR using the primers with SEQ ID NO 17 and 18, the 
template being pLV9 (see Example 5 and 6). 

A Sall-Bglll fragment (L e. pBR322-GAPCLp-NLS) containing the GAPGL promoter linked to 
the nuclear localization sequence from SV40 T antigen is amplified by PGR using the 
primers with SEQ ID NO 8 and 19. The template for the PGR is the plasmid pRH3 which 
encodes the -275 bp Sall-BamH! fragment from pBR322. a -400 bp BamHI-EcoRI 
GAPCLp fragment and an EcoRI-Spel fragment of the nuclear localization sequence from 
SV40T antigen. This nuclear localization sequence (Nelson & Silver, MoK GelL Biol. (1989) 
9, 384-389) has been chemically synthesized using the deoxyoligoribonudeotide with SEQ 
ID NO 30. 

SEQ ID NO 30 

BCORI MDKVFRNSSRTPP 
5 • AATIC ATG GAC AAG GTIC TTC AGA AAC TCT TCC AGA ACT CXIA CJCA 
3* G TAC CK3 TIC pus AAG ICT TIG AGA A^ 

K KKRKVEDPA 

AAG AA6 AAG AGA AAG err GAA GAC OCA GCA 3* 
TIC TTC TIC TCT TIC CAA CTT CTO GOT OCT GATC 5* 

Spel 

One of the above Sall-Bglll fragments, the Bglll-EcoRI fragment (encoding pA4. see 
Example 10) and EcoRI-SacI fragment (encoding the SUC2 temilnator, see Example 10) 
are subdoned in pDP34 (completely digested with Sail and Sad) to yield pJC22, pJC26 
and pDP34-NLS-pA4, respectively. 
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Table 6. |}A4 expression cassettes of pA4 with and without signal peptides 



Plasmid Name 


Expression 
Cassette 


Assemt^ed from the Fragments 


pJC21 


GAPCLp- PA4- 
SUC2t 


Sall-Bglll GAPCLp •«- Bgtll-EcoRI pA4 
(ctwmicallv synthesized) -i- EcoRI-SacI 


pJC22 


GAPCLp-invss- 
PA4-SUC2t 


Sall-Bglll GAPCLp-invss-i- Bglll-EooRI 
PA4 (chemically synthesized) -i- EcoRI- 
Sacl SUC2t 


pJC26 


CPYp-preproCPY- 
PA4-SUC2t 


Sall-Bglll CPYp-preproCPY+ Bglll- 
EcoRI PA4 (chemically synthesized) -i- 
EcoRI-SacI SUC2t 


pDP34*NLS- pA4 


GAPCLp-NLS 
PA4-SUC2t 


Sall-Bglll GAPCLp-invss+ Bglil-EcoRi 
PA4 (chemically synthesized) EcoRI- 
Sad SUC2t 



Example 12: Yeast transformation of pJC21, pJC22. pJC26 and pDP34'NLS- BA4 and B- 
aaiactosidase assay of transformants 

The plasmids are transfomied in the strain W3116-3 x laej (see Example 3). p- 
galactosidase activity is measured (as in Example 4), see Table 7. 



Tal)le 7. Only pA4 in the secretofy pathway registers as malfolded in the UPR-lacz assay 



Plasmid Name 


Expression 
Cassette 


W3116-3 X lacz 
Transformant 


p-gal activity 


pJC21 


GAPCLP-PA4- 

SUC2t 


YJC21 


1 


pJC22 


GAPCl4)-invss- 
pA4-SUC2t 


YJC22 


3 


pJC26 


CPYp-preproCPY- 
pA4-SUC2t 


YJC26 


4 


pDP34-NLS-pA4 


GAPCLp-NLS 

pA4-SUC2t 


3xlacz-NLS-pA4 


1 



Example 13: Constmction of C-tenninal truncations of BA4: veast transfomiation: B« 
aaiactosidase assay 

Two piasmids pJC24 (encoding the SUC2 signal sequence and a truncated version of pA4, 
1-39) and pJC25 (encoding the gUC2 signal sequence and a truncated version of PA4, 1: 
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2g) are constructed as described below. Both expression cassettes are under the control of 
the GAPCL promoter. The peptides pA4, l^a and pA4, l;3fi have slower rates of 
aggregation in vitro (Bunlick ef a/., J. Biol. Chem. (1992). 267, 546-554; Barrow efa/.. Mol. 
Biol. (1992), 225, 1075-1093; C. Pike efa/., J. Neurosdenoe (1993), 13. 1676-1687). 

Two Sall-Xbal fragments. pBR322-GAPCl4)-lnvss-pA4 1^ and pBR322-GAPCLp-lnvss- 
PA4.1-36 are Isolated by PGR using the two primers (SEQ ID NO 8 and 20 for the fomier 
and SEQ ID NOs 8 and 21 for the latter constnjct). The template is pJC22. 

An Xbal-SacI tenminator fragment from the yeast SUC2 gene is amplified by PGR using 
yeast genomic DNA (from the wild type strain S288G) as template. The primers have SEQ 
ID MOs 22 and 15. 

The Sall-Xbal fragment and an Xbal-Sad fragment is subdoned in pDP34 completely 
digested with Sail and Sad (see Table 8). 



Table 8. Expression cassettes for C-terminal tnjncated versions of PA4 



Plasmid Name 


Expression 
Gassette 


Assembled from the Fragments 


pJG24 


GAPGLp-invss- 
PA4(1-39)-SUC2l 


Sall-Xbal GAPGLp-invss-pA4 1:^ 
(PGR product) + Xbal-Sad SUC2t 


pJG25 


GAPCLp-invss- 
pA4(1-36)-SUC2t 


Sall-Xbal GAPGLp-invss-pA4 liSg 
(PGR product) + Xbal-Sad SUG2t 



The plasmids are transformed in the strain W3116-3 x ]as2 (see Example 3). 
galactosidase activity is measured (as in Example 4) and compared with the strains YJC21 
and YJC22, descrit)ed in Example 10 (see Table 9). 

Table 9. C-terminai truncated PA4 molecules are less malfdded than wt pA4 in the UPR- 
lacz assay 
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Piasmid Name 


Expression 
CasseRe 


W3116-3 X iacz 
Transfbrmant 


p-gal activity 


pJC24 


GAPCLp-invss* 
pA4(1-39)-SUC2t 


YJC24 


1.8 


pJC25 


GAPCLp-invss- 
pA4(1-36)-SUC2t 


YJC25 


22 


pJC21 


6APCLp-pA4- 
SUC2t 


YJC21 


1 


pJC22 


GAPCLp-invss- 
PA4-SUC2t 


YJC22. 


3 



Example 14: Constmction of the rat mutant BA4 (mr BA4) and the inverted human BA4 

mm 

The plasmids pJC27 and pJC28 are constructed as shown in Table 10. Both expression 
cassettes contain the prepro sequence of the PRC1 ger>e and are driven by the PRC1 
promoter. pJC27 encodes the rat mutant pA4 (mrpA4) (Oyrks et al, FEBS Lett. (1993), 
324. 231-236; Hilblch et ai, Mol. Biol. (1991). 218. 149-163) and pJC28 encodes the 
inverted human PA4 (ipA4) (Fraserefa/., Biochemistry (1992), 31. 10716-10723). 

As described in Table 10. the plasmids are constructed of a Sall-Bglll fragment (containing 
the CPY promoter and the prepro sequence of CRY), a Bglll-EcoRI fragment (containing 
either mrpA4 or ipA4) and an EcoRI-SacI fragment of the SUC2 terminator. 

The Bglil-EcoRI fragments (containing either mrpA4 or ipA4) are synthesized using two 
overlapping oligodeoxyribonucleotides (see SEQ ID NOs 25/26 and 27/28) and two primers 
(see SEQ ID NOs 12 and 13). which hybridize to the 5* and 3' end of the fragments. 

The Sall-Bglll, the Bglll-EcoRI and the EcoRI-SacI fragment Is sut)cloned in pDP34 
completely digested with Sail and Sad. 

Table 10. PA4 expression cassettes for the rat mutant PA4 (mr^A4) and the Inverted human 
pA4 (ipA4) 
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Plasmid Name 


Expression 
Cassette 


Assembled from the Fragments 


pJC27 


CPYp-preproCPY- 
mrpA4-SUC2t 


Sall'Bglll CPYp-preproCPY (Example 
11) -I- Bglll-EooRI mrpA4 (synthesized 
by PGR using the oligomers with SEQ 
ID NO 23/24, 12.13) + EcoRI-Sad 
SUC2t (Example 10) 


pJC28 


CPYp-preproCPY- 
ipA4-SUC2t 


Sall-Bglll CPYp-preproCPY (Example 
11) -t- Bglll-EooRI ipA4 (synthesized; t)y 
PCR using the oligomers with SEQ ID 
NO 25/26, 12, 13) * EcoRI-SacI SUC2t 
(Example 10) 



The amino add sequences of PA4, mrpA4 and ipA4 are shown in Table 11. The 
differences from the wt human pA4 sequence are underlined. 

SEQ 10 NOs 23/24 
Bglli Met 

5 * AGAfTCTGATO GfCQCTGfAT TIGGTCAOG/l CTCTGGTTIC GAAGTmGAC 



ACCZAAAAOTT OGTrATOGGT OCTSAAGAOG TTQGT 

3' ccaa!cagcx:a cxsAcrrc^ 



3' (SEQ ID 23) 



TAGfEAAOCAA ACTAOCAACC ACCACAACAG TAGCX3AACI C TTAAG 

Ecoia 



5' (SBQ ID 24) 



SEQ ID NOs 25/26 
Bglll Met 

5' AGATCTGATG GCTATCGITG TCOGTOG?roT 1A1CTTO0C?r AICATTOCTC 



GTAAGAACTC TOCSronGAC GAAflCTTICT TOSTT 
3* ACTACAACTC CTTOGAAAGA AOCAAAACTT CUriUlULMi; 



3- <SBQ ID 25) 



CAACTTATOC CAAGACTOGT GTCTAAOCTr OGACTGAC TC TTAAG 

BCORI 



5* (SBQ ID 26) 
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TaWe 11 . The PA4, mrpA4 and ipA4 peptide sequences (SEQ ID NOs 27. 28 and 29) 

PA4 DAEFRHDS6Y BVHHQKLVFF AEDVGSNKGA IIGI^GGW lA SEQ ID 27 

mrPM DAEF6HDS6F EV^QKLVIG AEDVGSNKGA IIGLMVG6W lA SEQ ID 28 
ipA4 AIWGGVMLG IIAGKNSGVD EAFFVLKQHH VEYGSDHRFE AD SEQ ID 29 

The plasmids in Table 10 are transformed in the strain W3116-3 x lacz (see Example 3). p- 
galactosidase activity is measured as in Example 4 and compared with the strains YJC26. 
YJC21 and YJC22. descril)ed in Example 10 (see Table 12). 

Table 12. The rat mutant pA4 (mr pA4) and the inverted human pA4 (ipA4) pA4 molecules 
are not malfolded in the UPR-lacz assay 



Piasmid Name 


Expression 
Cassette 


W3116-3 X !ss 
Transformant 


p-gal activity 


pJC27 


CPYp-preproCPY- 
mi9A4-SUC2t 


YJC27 


1.2 


pJC28 


CPYp-preproCPY- 
ipA4-SUC2t 


YJC28 


1 


pJC26 


CPYp-preproCPY- 
pA4-SUC2t 


YJC26 


4 


pJC22 


GAPCl4)-invss- 
pA4-SUC2t 


YJC22 


3 


pJC21 


GAPCI4)-PA4- 
SUC2t 


YJC21 


1 



Example 15: Trivalent aluminum and divalent zinc increase malfoldino of BA4 in veast 
The cations A!*" and Zn^* are loiown to Induce aggregation of PA4 in vitro (Mantyh et al, J. 
Neurochemistry (1993), 61. 1 171-1 174). p-galactosldase activity is measured as in Example 
4 after ceils are grown in YPD in tfie presence of AlCia (-3 mM; Merck) and ZnCfe (-SOOpM; 
Merck). The results are descril)ed in Table 13. p-GA represents the p-galactosidase 
activity. The symt)ol "-ive control" Implies that the cells have l>een grown in the absence of 
either of the two transition metal cations. 

Table 13. Al^ and Zn^* induce more malfolding in PA4 than in the pA4 variants 
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Plasmid 

Name 


Expression 

Cassette 


W3116-3X tacz 

Transform ant 


P-GA 

-Ive Control 


P-GA 

+AICI3 


P-GA 

+ZnCl2 


pJC26 


CPYp-prepioCPY- 
pA4-SUC2t 


YJC26 


4 


9 


5.5 


pJC22 


GAPCLp-invss- 
pA4-SUC2t 


YJC22 


3 


7 


4 


pJC21 


GAPCLP-PA4- 

SUC2t 


YJC21 


1 


1.6 


1.1 


pJC24 


GAPCL43-invss- 
pA4(1-39)-SUC2l 


YJC24 


1.8 


2 


1.6 


pJC25 


GAPCLp-invss- 
pA4(1-36)-SUC2t 


YJC25 


2.2 


3.5 


2.7 


pJC27 


CPYp-preproCPY- 
mrpA4-SUG2t 


YJC27 


^2 


1.5 


n.d. 


pJC28 


CPYp-preproCPY- 
i|iA4-SUC2l 


YJC28 


1 


1.3 


n.d. 



Example 16: Desferal and ascorbic actd reduce malfoldino of BA4 

pA4 is expressed in the minimal medium SD (see Example 4) in the absence or presence of 
desfenioxamine (Desferal^ CIBA-GEIGY) and ascorbic add (Mercic). p-galactosidase 
activity is measured as in Example 4. The results are described in Tables 14 and 15. p-GA 
represents the p-galactosidase activity. The symbol "-ive control** implies that the cells have 
been grown in the absence of either desferrioxamine or ascorbic add. 



Table 14. Desferal prevents malfolding of PA4 



Plasmid 


Expression 


W3116-3X lacz 


P-GA 


p-GA + 


P-GA -t 


Name 


Cassette 


Transfomiant 


•ive Control 


Desferal 


Desferal 4.SmV 










4.5mm 


+ Fe** 5pM 


pJC26 


CPYp- 


YJC26 


4 


1.4 


3.5 




preproGPY- 












pA4-SUC2t 










pJC21 


GAPCLp- 


YJC21 


1 


1 


1 




PA4-SUC2t 
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Table 15. Ascoibic add also prevents malfolding of pM 



Plasmid 


Expression 


W3116-3xlacz 


p-GA 


p-GA + Ascoftiic 


Name 


Cassette 


Transformant 


•ive Control 


AddlmM 


pJC26 


CPYp-preproCPY- 


YJC26 


4 


1.9 




pA4-SUC2t 








pJC21 


GAPCL4)-PA4- 


YJC21 


1 


1 




SUC2t 









It appears that both DFO and ascorbic acid reduce malfolding/ aggregation of PA4 In the 
yeast cell. 



Depositions 

The following microorganism strains were deposited at the Deutsche Sammlung von 
Mikroorganismen (DSM), Mascheroder Weg lb, D-38124 Braunschweig (accession 
numbers and deposition dates given): 



£ COB JM109^pDP34 



DSI^TS March 1 4. 1 988 
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Sequence Listing 

(1) CBJS<AL INFOS^TION: 

(i) APPLICANT: 

(A) NAME: CIBA-GEIGY AG 

(B) STREET: Kli^eckstr. 141 

(C) CHY: Basel 

(E) CCUNIRY: Switzerland 

(F) POSTAL OODE (ZIP): 4002 

(G) TELEPHONE: +41 61 69 11 11 

(H) TELEFAX: 41 61 696 79 76 

(I) TELEX: 962 991 

(ii) TITLE OF INVQWICN: Method for the detection of malfolded proteins 
(iii) IJJMBER OF SEQCJEXTES: 30 

(iv) OOMPOTER READABLE PC»M: 

(A) MEDIUM TOPE: Floppy disk 

(B) CX3MPUTER: IBM PC cotpatible 

(C) oPERATms srarod: PC-DOS/MS-DOS 

(D) SOFIWARE: PatentIn Release #1.0, Version #1.25 (EPO) 

(vi) PRIOR APPLICAnCN DATA: 

(A) APPLICATICN NUMBER: 94810536.6 

(B) FILIN3 DATE: 16-SEP-1994 

(2) INFORMATICN FOR SBQ ID ND: 1: 

(i) SBQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STO^NDEH^ESS: double 

(D) TOPOLOGY: linear 

(ii) hDLBCULE TYPE: CNA (genomic) 
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(ix) FEATORE: 

(A) NAME/KEY: miscJO^L 

(B) LOCftna^: 5. ,27 

(D) C7IHER IMFQRMATIGN: /prcxiuct? "UPR element" 

(ix) FEATORE: 

(A) NAME/KEY: ndsc_£eature 

(B) LOCATICN: 1..4 

(D) CflHER INFORMAnCN: /functions "Xhol linker" 

(ix) FEATORE: 

(A) NAME/KEY: inisc_feature 

(B) LOCATICN: 28., 31 

(D) OIHER INPORMATICN: /functian= "Xhol linker" 
(xi) SBQUEI^ DSSCRIPTIGN: SBQ ID ND: 1: 
TOGAGGGAAC TGGACAGC3GT GTOGAAATOG A 31 
(2) INFCmkTim FOR SEQ ID ND: 2: 

(i) 5BQUEtX:E CKARAdCRISTICS: 

(A) LENSIH: 45 base pedrs 

(B) TYPRz nucleic acid 

(C) STRANI^EXMESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CNA (genonic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_£eature 

(B) LOCATICN: 1. .45 

(D) OIHER INFORMATION: /functions "primer for site 
directed mtagenesis** 

/note= "sense strand of the yeast PRCl gene for 
PGR reaction" 

(ix) FEATORE: 
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(A) NAME/KEy: inisc_feature 

(B) UXXnCN: 4.. 9 

(D) OIHER INPORMATIGN: /functions "HunI site* 

(ix) FEAIURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 21..23 

(D) OTHER INPC»MATICN: /functian= "mutation in respect to wild type" 
(xi) SEQUOTE DESCRIPnGN: SEQ ID ND: 2: 
ACXSCAATTGA AAACTATCAG AAQCGiaiCA ACAACAAGAT TAAGG 45 
(2) INTORMATICN FOR SEQ ID MO: 3: 

(i) SBQPEMCE CHARACTEZaSTICS: 

(A) UNSXH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STPANDHX^S: single 

(D) TOFCXiOGY: linear 

(ii) MOLECULE TYPE: ENA (genonic) 

(ix) FEATURE: 

(A) NAME/KEY: misc^featuie 

(B) LOCATICN: catplemoit (1-.27) 

(D) OTHER INPORMATICN: /functicn= "PGR primer" 

/notes "anti-sense strand of the yeast PCm gene 
for PGR reaction" 

(ix) FEATURE: 

(A) NAME/KEY: misc.feature 

(B) LOCATICN: 5.. 10 

(D) OTHER INPORMATICN: /function^ "BaiPHI site" 
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 3: 



GACCGGATCC TTTXAGGAT CGnTCT 



27 
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(2) INFORMATICN PC3R SBQ ID ND: 4: 

(i) SEOJEtXIE CHARACTERISTICS: 

(A) LEXOSmi: 41 base pairs 

(B) TfPE: nucleic acid 

(C) STOANDEDNESS: single 

(D) TOPCXXX3Y; linear 

(ii) MXEXrULE TYPE: IMA (gencmic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATICN: 1..41 

(D) OTHER lNFX»MAnCN: /functian= "primer for site 
directed mitagenesis" 

/notes -sense strand of yeast PCRl gene for PCR reaction" 

(ix) FEATORE: 

(A) NAME/KEY: misc_feature 
{B) LCXATICN: 4.. 9 

(D) OIHER I>]FCF{MATIGN: /functions "Muol site" 

(ix) FGAilURE: 

(A) NAME/KBf: misc.feature 

(B) UXMTCN: groMp(16. ,19, 21.. 24) 

(D) OIHHI INEXKMATICN: /functions "nutations in respect to wild type" 
(xi) SEOJQCE INSCRIPTION: SBQ ID NO: 4: 
AOOCAATIGA AAACTTOGAC AAOOGTODCA ACAACAAGAT T 41 
(2) INPORMATICN PC» SBQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LE24GfIH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) sn^ANDEOOESS: single 
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(D) lOTQLOGy: linear 
(ii) MXB!:ULE TYPE: UVi <genondc) 

(ix) FEAIURE: 

(A) NAME/KEY: misc^feature 

(B) LOCATION: 1. .47 

(D) OTHER iNFxaRMATICN: /f\jnction= "primer for Site 
directed nutagenesis" 

/note= -sense strand of the yeast KRl gene for PCR reaction" 

(ix) FEATURE: 

(A) NAME/KEY : misc^feature 

(B) location!: 4.. 9 

(D) OTHER INPORMATICN: /function= "Muni site" 

(ix) FEATURE: 

(A) NAME/KEY: ndsc_feature 

(B) LCXanCW: group{18 , 22 , 24.. 32) 

(D) C7IHER iNPORMAnCN: /functions "mitatioos in respect to wild type" 
(xi) SEQUENCE DESCRIPTICN: SBQ ID NO: 5: 
AOQCAATIGA AAACTATAAG OGTCAOCCAG GTEAMATTAA QGAOOCT 47 
(2) INFORMATION FOR SBQ ID NO: 6: 

(i) SEQUENCE CHARACTCRISnCS : 

(A) LENGTO: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STSU^EItlESS: single 

(D) TOFCXXXSY: linear 

(ii) MOLECULE TYPE: ENA (genoidc) 

(ix) FEATURE: 

(A) NAME/KEY: misc^featuure 

(B) LOCATION: 1-.28 
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(D) OTHER iNPORMAnCN: /functicn= "PGR primer" 

/notes "sense strand of the pranoter sequence of 
the yeast KAR2 gene* 

(ix) FEATORE: 

(A) NAME/KEY: ndsc_feature 

(B) LOCATICN: 3.. 8 

(D) OTHER INPC»MATiaJ: /functions "Sail site" 
(xi) SEQUEXTE DESCRIPTICN: SBQ ID ND: 6: 
TAGlCXaACAC TICAATGTCT AATOCTAG 28 
(2) INF10RMATI0N FOR SBQ ID NO: 7: 



(i) SBQUQ^ CHARACm^SnCS: 

(A) LQ^IOTH: 25 base pedrs 

(B) TYPE: nttcleic acid 

(C) STKANDECNESS: single 

(D) TDPQSLOGY: linear 



(ii) MOLESCULB lYPE: ENA (gencmic) 

(ix) FEATURE: 

(A) NAME/KEV: misc.feature 

(B) LCXanCN: ccnplement (1..25) 

(D) OIHER INPOTMATICN: /functions "PGR primer" 

/notes "anti-sense strand of the pranoter sequence 
of the yeast KAR2 gene* 

(ix) FEATURE: 

(A) NAME/KE^: misc.feature 

(B) LOCATICN: 3.. 8 

(D) omER INPORMATTCN: /function= "BamHI site" 



(xi) SEQUENCE DESCmFlTCN: SBQ ID NO: 7: 



TAGGAT0CXX3 TATOTTIGAT AOQCT 
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(2) INFQBMAinGN FOR SBQ ID ND: 8: 

(i) SBQCJENCE CHARACrHOSTICS: 

(A) LmSlH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STOANDEENESS: Single 

(D) TOPOLXDCY: linear 

(ii) MXSCULE TYPE: Wfi (gencndc) 

(ix) FEATURE; 

(A) NAME/KEY: misc^feature 

(B) LOCATICN: 1..28 

(D) OTHER INFORMATION: /function= "PGR primer" 

/note= -saise strand o£ the s^22 seqruenoe- 

(ix) FEAIURE: 

(A) NAME/KEy: inisc_feature 

(B) liXATICN: 3.. 8 

(D) OTHER INPGRMATICN: /functions "Sail site" 
(xi) SEQUENCE DBSCRIFnON: SBQ ID NO: 8: 
TAGPOGACGC TOTCOCTTAT QCX3ACTOC 
(2) INPOS^MATIGM FOR SBQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) Lonrn: 28 base pairs 

(B) TOPE: nucleic acid 

(C) STRANDECNESS: single 

(D) TOPGIiOGY: linear 

(ii) MOLECULE TOPE: ENA {gencroic) 



(ix) FEAIURE: 

(A) NAME/KEY: misc_feature 
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(B) LOCATION: conplenait (1..28) 

(D) OTHER INFQRMATIGN: /functions "PGR primer" 

/notes "anti-sense strand of the promoter sequence 

of the yeast GAPCH gene" 

(ix) FEATURE: 

(A) HAME/KEV: misc.feature 

(B) LCX^^TICN: 3.. 8 

(D) OIHER INFXSWOIGN: /functian= "Bglll site" 
(xi) SEGPENCIE JXSCBIFTICK: SEQ ID bX): 9: 
ATAGATCTTT TGTTlATGrG TGmATT 28 
(2) JNFCS^MKTlCt^ FOR SEQ ID NO: 10: 

(i) SBQJQKE CHARACTERISTICS: 

(A) LE2CTH: 85 base pairs 

(B) TVPE: nucleic acid 

(C) SIR^^ECMESS: single 

(D) TOPauOGY: linear 

(ii) MXBOCJI£ TVFE: ZKA (genonic) 

(ix) FEATORE: 

(A) NAME/KEY: misc_feature 

(B) LOCATICN: 1..85 

(D) OIHTO INPORMATICN: /functions "ENA vdth sticky ends" 
/notes "sense strand of the human betaA4 pqptide" 

(ix) FEAIURE: 

(A) NAME/KEY: misc^feature 

(B) LOCATICN: 1..6 

(D) OIHER INPORMATICN: /function= "Bglll site" 

(ix) FEAIURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATICN: 61.. 85 



wo 96/08561 



PCT/EP9S/03475 



-35- 

(D) OTHER INTORMATICN: /function= "overlap with SBQ ID ND 11" 
(xi) SEQUENCE DESCRIPTICN: SBQ ID NQ: 10: 
AGMXTOWG GACX3CTOAAT TTAGACADGA CTCTGGTTAC GAAGnCAO: ADCAAAAGTT 6 

ounvritrnc GCTGAftGAOG ttoct ^ 

(2) INFX»MATION ¥CR SEQ ID ND: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) UStXsaii 85 base pairs 

(B) TYPE: nucleic acid 

(C) Sn^ANDECNESS: single 

(D) TOPOlOGy: linear 

(ii) MOLECULE TYPE: EMA (gencmic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATICN: ccnplerent (1..85)' 

(D) OTHER INPORMATICN: /functicai= -second part of ENA vath 
sticlQ^ ends" 

/notes "anti-sense strand o£ hunan betaA4" 

(Ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATTCN: 79. .85 

(D) OIHER INFX»MATICN: /functions "ECORI Site" 

(ix) FEATURE: 

(A) NAME/KEY: misc^feature 

(B) LCXMTCN: 1..25 

(D) OTHER INPORMATTCN: /functions "overlap vdth SBQ ID ND 10" 
(xi) SEQUENCE DESCRIPTION: SBQ ID NO; 11: 



CCAfiAAGAAG CGACTICIGC AACCAAGATT GTICCCACGA TAATAACTAA ACTACCAAOC 



60 
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AOCACAACAC TAOCXSAATTC TIMG 65 
(2) mPCSWiTim FOR SBQ ID NO: 12: 

(i) SEQUENCE CHARACTE31ISTICS : 

(A) lej^jOT: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRPNDEOtJESS: single 

(D) TOPGLOGY: linear 

(ii) MOLECULE lYPE: CNA (genonic) 

(ix) FEATORE: 

(A) NAME/KEVT: inisc_feature 

(B) LOCATICN: 1-.19 

(D) COMER INFORMAnCN: /functions "PC31 primer" 
/note= "sense strand of human betaA4'* 

(ix) FEATURE: 

(A) NAME/KEy; misc_feature 

(B) LOCAUCK: 3.. 8 

(D) OIHTO INFOttiATIGN: /functicns "Bglll site" 
(Xi) SEQUENCE DESCRimCN: SBQ ID NO: 12: 
AXAGATCrSA TGQAOGCIG 19 
(2) 3NFX3RMATICN FOR SBQ ID NO: 13: 

(i) SEQUENCE CHARACTERISnCS: 

(A) LQX?IH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEEMESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CNA (goiomic) 
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(ix) FEATURE: 

(A) NAME/KEY: mlsc_feature 

(B) UJCATICN: cotplanent <l.-20) 

(D) OIHER INPCRMWriCN: /functions -PCR primer" 

/notes "anti-sense strand of human betaA4" 

(ix) FEATORE: 

(A) NAME/KEY: misc^feature 

(B) lOCATICN: 3.. 8 

(D) OTHER INPORMAnCN: /functions= "BCORI Site" 
(xi) SBQUEICE DESGRIPnoa: SEQ ID NO: 13: 
ATOAATICIC AAOCGATGAC 20 
(2) INPORMATICN FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISnCS: 

(A) LENQIH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDETNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CNA (genoidc) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1..28 

(D) OTHER INPORMATICN: /functicari= "PGR primer* 
/notes "sense strand of yeast SUC2 gene" 

(ix) FEATURE: 

(A) NAME/KEY: misc^feature 

(B) LOCATICN: 3.. 8 

(D) OTHER INPORMATICN: /function= "BcoRI site" 
(xi) SEQUENCE DE9CRIPTICN: SEQ ID NO: 14: 
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ATGAMTCAG GITATAAAAC TEATIGTC 28 
(2) INFOTMATION FDR SBQ ID NO: 15: 

(i) SEOUENCE CHARACraaSTICS: 

(A) LEIXjTO: 26 base pairs 

(B) TOPE: nucleic acid 

(C) STT^ANDECNESS: single 
(O) T0PC3L06y: linear 

(ii) MOLECULE TOPE: ENA (genccnic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feacure 

(B) LOCATIGN: coiplemait (1..26) 

(D) OTHER INFORMATICN: /functiC3n= "PGR primer" 

/note=: "anti-sense strand of yeast SUC2 gene" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATICN: 3.. 8 

(D) OTHER INFC»MATICN: /function= "Sad site" 
(xi) SEQUOrE DESCSaPTIGM: SBQ ID ND: 15: 
TAGAGCTOOG TOCATCdSAG TAGrPGT 26 
(2) INPQRMATICN FOR SBQ ID NO: 16: 

(i) SEQUENCE CHARACIERISTICS: 

(A) LENQTH: 30 base pairs 

(B) TYPE: nijcleic acid 

(C) STRANIMHESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: EX^ (g^KXtdc) 



(ix) FEATURE: 
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(A) NAME/KEY: misc^feature 

(B) LCXIATIGN: ccnplennent (1..30) 

(D) OTHER INPORMftTICN: /functiC3n=: "ICR priner" 

/note= "anti-smse strand of yeast SUC2 signal seou^ce" 

(ix) FEAIURE: 

(A) NM4E/KEY: ndsc_feature 

(B) LOCATICN: 3., 8 

(D) OTHER INPC»MKnCN: /functiofts "Bglll site" 
(xi) SB5JJEICE reSCRIPnCN: SBQ ID NO: 16: 



M^^GAICIGC TGCAGATATT TTQGCTOCAA 
(2) IMPOraiATiai FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEN?IH: 28 base pairs 

(B) T^: nucleic acid 

(C) STOANDETNESS: single 

(D) TDFQIiOGV: linear 



30 



(ii) MOLECULE TOPE: ENA (genonic) 

(ix) FEATORE: 

{A) NAME/KEY: inisc_featurB 
(B) LOCATICN: 1..28 

(D) OIHH^ INFORMATION: /functiCHi= "PGR primer* 

/note= "sense strand of the prorooter sequence of 
the yeast raci gesM" 

(ix) FEAHJRE: 

(A) NAME/KEY: ini8q.feature 

(B) LOCATICN: 3.. 8 

(D) COWER INPC»MATICN: /functions "Sail site" 
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 17: 
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ATOTOGACAT OGATPKXXST KTMXjKTG 28 
(2) INFORMATICS FOR SBQ ID NO: 18: 

(i) SBQUE^3CE CHARACTERISTICS: 

(A) LQI3IH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STB^NDEO^ESSi single 

(D) lOFGLOGY: linear 

(ii) MOL^ILE TYPE: CNA (gencmic) 

(ix) FEATURE: 

(A) NAME/KEY: misc.feature 

(B) lOCATICN: ccaplenent (1..30} 

(D) OTHER INFORMATICN: /functions "rcR primer' 

/notes **anti*sense strand of the yeast PRCl gene" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) liOCATICN: 3,. 8 

(D) oraHfl INTOWIATICN: /functions "Bglll site" 
(xi) SBQUQICE I^SOaPnON: SBQ ID NO: 18: 
ATAGATCTTT AATCXTOTTO ACAOGAAQCT 30 
(2) INPC»MATICN FOR SBQ ID UD: 19: 

(i) SEQUQCE OiARACTERISnCS: 

(A) LENCTIH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDEENESS: single 

(D) TOPOLOGY: linear 

(ii) MXBCULE TYPE: CNA (genomic) 



(ix) FEATURE: 
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(A) NAME/KEY: ndsc_feature 

(B) LOCATICN: conpleroent (1.-29) 

(D) omro INFXMMTCN: /function= "PGR priner" 

/note= •anti-sense strand of the SV40 T antigen 
nuclear localizaticn signal" 

(ix) FEAIUHE: 

(A) NAME/KEY: misc^feature 

(B) lOCATICN: 3 -.8 

(D) OIHER INPQRMATiaa: /£unction= "Bglll site" 
(Xi) SEQUENCE raSCRIPTICN: SEQ ID Wi 19: 
ATAGATCroC TOOCTCTICA ACCTTICTC 
(2) INFX^MATICN FOR SEQ ID NO: 20: 

(i) SBQUQCE CHARACIERISnCS: 

(A) LEX«GnH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDHWESS: single 

(D) TOPOLCX^Y: linear 

(ii) MXBCULE TOPE: ENA (genonic) 

(ix) FEATURE: 

(A) NAME/KEY: misc^featiare 

(B) LOCATICN: cotplement (1..29) 

(D) OTHER INPC»MATICN: /functions "PGR priicer" 

/note= "anti-sense strand of human betaA4" 

« 

(ix) FEATURE: 

(A) NAME/KEY: misc.feature 

(B) IXXanCN: 3.. 8 

(D) OIHER INPC»MATION: /function= "Xbal site* 
(xi) SBQUENCE DESCRIPTION: SEQ ID NO: 20: 
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ATTCTAGATT AAACACCACC AACCATCAA 29 
(2) INFORMATICN FOR SEQ ID ND: 21: 

(i) SBQtlENCB CHARACroRISTICS : 

(A) leng™: 29 base pairs 

(B) TOPE: nucleic acid 

(C) Sn^ANDECNESS: single 

(D) TOP0UX3Y: linear 

(ii) MOLECULE TYPE: UNk (gencRiic) 

(ix) FEMURE: 

(A) NAME/KEY: misc_feature 

(B) UXATICN: coiplatieat (1. .29) 

(D) OnHER INPORMATICN: /function= -PCR priiter- 

/note= "anti-sense strand of human betaA4'' 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) UXM'ICN: 3.-8 

(D) OTHER INPORMATICN: /£unction= "Xbal site** 
(xi) SBQUEblCE TXSCKLFnmi SBQ ID ND: 21: 
ATTCTAGATT AAAOCATCAA ACCAATAAT 29 
(2) INPORMATICN FOR SEO ID NO: 22: 

(i) SEQUENCE CHARACTERIffnCS: 

(A) LB4QTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEENESS: single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: CNA (gencmic) 



(ix) FEAIURE: 
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(A) NftME/KEY: misc^feature 

(B) LOCATIGN: 1..28 

(D) OTHER INPORMATICN: /function= "PCR primer" 
/note= •sense strand of yeast SUC2 gene* 

(ix) FEATURE: 

(A) NAME/KEY: inisc_feature 

(B) LOCATICN: 2. .8 

(D) OMSl INPORMATICN: /functions "Xbal site" 
(xi) SBQCJENCE DESCRIPTICN: SBQ ID NO: 22: 



ATICTAGAAG GTZATAAAAC TXATTSZC 
(2) INPORMATICN PC» SBQ ID NO: 23: 

(i) SBQUENCE CHARACTERISnCS: 

(A) LENSIH: 85 base pairs 

(B) TOPE: nucleic acid 

(C) STRANDHKESS: single 

(D) TOPOIiOGy: linear 



28 



(ii) MOLECULE TOPE: CNA (genomic) 

(ix) FEAIURE: 

(A) NAME/KEy: misc_feature 

(B) LOCATICN: 1..B5 

(D) OTHER INPORMATICN: /function= "part of CNA with Sticky ends" 
/note= "soase strand of mutant rat betaA4" 

(ix) FEATURE: 

(A) NAME/KEY: inisc_feature 

(B) LOCATICN: 1.-6 

(D) OOHER INPC»MATICN: /functions "Bglll site" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 
(B> LOCATIGN: 61- .85 
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(D) OTHER INPORMATICN; /functions "overlap with SBQ ID ID 24 « 
(xi) SEQUENCE DESCMPTICN: SBQ ID NO: 23: 
AGATCTCATS GAOQCIGAAT TK»ICAOGA CTCTGCSTnC GAAGTTAGAC ACCAAAftGTT 60 
GGTIATCGGT GCTSAAGftOG TIGGT 85 
(2) INFORMmCN FOR SEQ ID ND: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTIH: 85 base pairs 

(B) lYPE: nucleic acid 

(C) ST^^ANDELNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TOPE: ENA (gencroic) 

(ix) FEATURE: 

(A) NAME/KEY: ndsc_feature 

(B) LOCATION: coiplement (1..85) 

(D) OZHER INFOKMATICN: /£unction= "second part of ENA with 
St icy ends" 

/notes "overlaps with SBQ ID NO 23 of mutant rat betaA4" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 79,,85 

(D) OIHER INFORMATION: /functions "EboRI site" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1..25 

(D) OIHER INPC»MATICW: /function= "overlap with SBQ ID NO 23" 
(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 24: 
CXM3AG0CA OGACnCIQC AACX:AAGGTr (JTrOCCAOSA TAGTAAOCAA ACTAOCAAOC 60 
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AOQCTUyCAG OAGOGAACIC TTAAG B5 
(2) INFORMATION FOR SEQ ID ND: 25: 

(i) SEQUENCE CHARACrn^SnCS: 

(A) LEI^93IH: 85 base pairs 

(B) OYPE: nucleic acid 

(C) SiraNDeHESS: single 

(D) TOKKJX^: linear 

(ii) MOLBCULE TOPE: ENA (genomic) 

(ix) FEAIURE: 

(A) NAME/KEY: inisq_featiare 

(B) LOCAnCN: 1.-85 

(D) OIHER INFtDRMATION: /functicn= "UiJk with Sticl^ ends" 
/note= "sense strand of inverted human betaA4 
using yest codons" 

(ix) FEATORE: 

(A) NAME/KE5f: misc_feature 

(B) LOCAnCN: 1..6 

(D) OTHER INFORMATICN: /functions "Bglll site" 

(ix) FEATORE: 

(A) NAME/KEY: misc_feature 

(B) lOCATICN: 61.. 85 

(D) OIHER INPC»MATICN: /function= •overleqp vath SBQ ID NO 26" 
(xi) SEQUENCE DESCRIPTIGN: SEQ ID NO: 25: 
AGATCTOATC OCTATCGITC TCGGTGGrTGT TATCTTOOGT ATCATK3CTC GTAAGAACTC 60 
TQGTGTIGAC GAAOCTTICT TCGIT 85 



(2) INPOTMATICN FOR SBQ ID NO: 26: 
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(i) SEQUENCE CHARACTKICTICS: 

(A) LENCTH: 85 base pairs 

(B) TYI^: nucleic acid 

(C) STBmDm^Sz single 

(D) TOPCaLOGY: linear 

(ii) MDLBCULE T£PEi ENA (genomic) 

(ix) FEAIURE: 

(A) NAME/KEY: misc_featiire 

(B) lOCATION: oarplemait (1,.85) 

(D) OIHER INFX»MATICN: /£unction= "second part of ENA vath 
sticky ends" 
/labels ibetaA4 

/note= "overlfiqps with SBQ ID NO 25, inverted human betaA4- 

(ix) FEATURE: 

(A) NAME/KEY: misc.feature 

(B) LOCATICN: 1..25 

(D) OIHER nOTORMATICW: /function= "overlap vdth SBQ ID ND 25" 

(ix) FEATURE: 

(A) NAME/KEY: misc_^eature 

(B) LOCATICN: 79.. 85 

(D) OIHER INPORMATTCN: /function^ "BcoRI site" 
(xi) SEQUENCE DESCRIPTICN: SBQ ID NO: 26: 
AOCACAACTG dTOGAAAGA AOCAAAACTT OGfi'lGTOOTG CAACTTMGC CAAGftCTOGT 60 



GTCTAAOCTT CX5WCTGACTC TTAAG 
(2) INFORMATICN FOR SBQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 amino acids 

(B) TlfPE: amino acid 

(C) snu^ECNESS: single 



85 
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(D) TOPOLOGY: linear 
(ii) MOLSCULE TYPE: p^ide 

(ix) FEAIURE: 

(A) NAME/KEY: Peptide 

(B) IXXZATICN: 1, .42 

(D) OIHER INPORMATICN: /labels betaA4 
/notes -hunan betaA4* 

(xi) SBQUnCE DESCRIPTICN: SBQ ID NO: 27: 

Asp Ala Glu Pte Arg His Asp Ser Gly T/r Glu Val His His Gin Lys 
15 10 15 

Leu Val E*e Phe Ala Glu Asp Val Gly Ser Asn lys Gly Ala lie He 
20 25 30 

Gly Leu Met Val Gly Gly Val val He Ala 
35 40 

(2) INPORMATICN FOR SBQ ID NO; 28: 

(i) SBQUBOCE CHARACIEaUSnCS: 

(A) laxmi: 42 amino acids 

(B) TSfPE: andno acid 

(C) SIRANDEENESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: p^tide 

(ix) FEAKJRE:* 

(A) NAME/KEY: Peptide 

(B) LOCATICN: !• .42 

(D) OIHER INFX»MATICN: /label= mrtoetaA4 
/note= "mutant rat betaA4" 

(xi) SEQUENCE DESCRIPnCW: SBQ ID NO: 28: 
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Asp Ala Glu Phe Gly His Asp Ser Gly Phe Glu Val Axg His Gin I^s 
1 5 10 15 

Leu Val He Gly Ala Glu A3P Val Gly Ser Asn lys Gly Ala He He 
20 25 30 

Gly Leu Met Val Gly Gly Val Val He Ala 
35 40 

(2) INFORMATIGN FOR SBQ ID NO: 29: 

(i) SECUWCE CHARACTEI^SnCS: 

(A) LENGTIH: 42 amino acids 

(B) TYPE: amino acid 

(C) STRANDBOOESS: single 

(D) TDPOOGY: linear 

<ii) MOLECULE TYPE: p^tide 

<ix) FEATORE: 

(A) NAME/KEY: Peptide 

(B) LOCATICN: 1..42 

(D) OIHER INFORMATIGN: /labels ibetaA4 
/note= "inverted human betaA4" 

(xi) SBQUEXOCE DESCRIPnCN: SBQ ID NO: 29: 

Ala He Val Val Gly Gly Val Met Leu Gly He He Ala Gly Lys Asn 
15 10 15 

Ser Gly Val Asp Glu Ala Phe Phe Val Leu Urs Gin His His Val Glu 
20 25 30 

oyr Gly Ser Asp His Arg Phe Glu Ala Asp 
35 40 

(2) INFORMATION FOR SBQ ID NO: 30: 
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(i) S£3QPE2^ CHARACTERISnCS: 

(A) LaiCTIH: 78 base pairs 

(B) TYPE: nucleic acid 
iC) STRANDETNESS: doiihle 
(D) TOP0LCX3Y: linear 

(ii) M0LE3CULE 1YPE: TKk (genomic) 

(ix) FEATURE: 

{A} NAME/KEY: misc.feature 

(B) LOCATION: 1..5 

(D) aiHKK INFORMATICN: /functicns "BodRI site overhang" 

(ix) FEATURE: 

(A) NAME/KEY: natjpeptide 

(B) UTATICM: 6. .74 

(D) OTHER INFORMATION: /product^ "KUclear localization 
signal from SV40 T antigen** 

(ix) FEATURE: 

(A) NAME/KEY: misc.£eature 

(B) LOCATKN: 75.. 78 

(D) OTHER INFORMATICN: /function- "^pel site overhang" 
(xi) SEQUENCE DESG^IFTIGN: SBQ ID ND: 30: 
AATTCATGGA GAAOGTCITC AGAAACTCTT CCIAGAACTOC ACCAAAGAAG AAGAGAAAGG 60 



TIGAAGAOOC AOCACEAG 



78 
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Claims 

1 . A host transformed with at least a first and a second expression cassette, wherein 

• the first expression cassette comprises one or more unfolded-proteln-response 
elements (UPR) operat)ly linked to a reporter element; 

• the second expression cassette comprises a promoter operably linked to a signal 
sequence, to a DNA encoding a protein whose malfolding is to l>e monitored and to a 
terminator and 

wherein these first and second expression cassettes are not naturally occurring In the 
host and wherein the protein to be monitored in the second expression cassette is 
selected from the group consisting of a prion. p53. p-amylold peptide and functional 
derivatives thereof . 

2. A host according to dalm 1 which is capable of secreting proteins. 

3. A host according to daim 1 which is a plant, insect, mammalian, fungal, or animal cell. 

4. A host according to daim 1 which is a fungal celL 

5. A host according to daim 1 which Is yeast cell. 

6. A host according to daim 1 which is Saccharomyces cerevisiae. 

7. A host according to dalm 1 , characterized in that the UPR of the first expression cassette 
originates from BiP. 

8. A host according to daim 1 . characterized In that the UPR of the first expression cassette 
comprises the DNA sequence as depicted in SEQ ID NO 1 or a functional equivalent 
thereof. 

9. A host according to claim 1, charaderized in that the UPR is present in more than one 
copy in the first expression cassette. 

10. A host according to daim 1, charaderized in that the UPR Is present in 2 to 5 copies in 
the first expression cassette. 
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11. A host according to daim 1. characterized in that the reporter element comprises a 
promoter operably linked to a DNA that is transcrit)ed under the control of this promoter, 
and to a terminator. 

.12. A host according to daim 11, characterized in that the promoter in the first expression 
cassette is tightly regulated. 

13. A host according to claim 12, characterized in that the promoter is selected from the 
group consisting of CYC1 and KAR2 promoter. 

14. A host according to claim 1, charaderized in that the transcription of the reporter 
element causes an effect that can be measured easily during or after transcription or 
translation. 

15. A host acconling to claim 1, charaderized in that the reporter element codes for a 
protein whose amount can be determined easily. 

16. A host according to daim 15. charaderized in that the reporter protein is seleded from 
the group consisting of p-gatadosidase and ludferase. 

17. A host according to daim 11, charaderized In that the terminator is seleded from the 
group consisting of the terminator naturally linked to the transcribed DNA, the terminator 
of the PHQ5. of the a-f ador and of the SUC2 gene. 

18. A host according to daim 1 , charaderized in that the promoter of the second expression 
cassette is an indudble promoter. 

19. A host according to daim 1 , charaderized in that the promoter of the second expression 
cassette is seleded from the group consisting of the promoter originally linked to the 
DNA encoding the protein whose malfolding is to be monitored, the CUP1. GAPDH, 
GAPFU GAL(IO). PYK. TPI. ADH, PRC1 and PGK prDmoter. 

20. A host according to claim 1 , charaderized in that the promoter of ttie second expression 
cassette is the GAPFL promoter or a fundional derivative thereof. 
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21 . A host according to claim 1 . characterized In that the signal sequence of the second 
expression cassette Is selected from the group consisting of the SUC2, the a-factor, 
KEX1, PH05 and the glucoamylase dgnal sequence. 

22. A host according to claim 1, characterized in that the signal sequence of the second 
expression cassette Is the SUC2 or the a-factor signal sequence. 

23. A host according to claim 1, characterized in that the protein to be monitored in the 
second expression cassette has an unusual amount of hydrophobic groups at the 
surface. 

24. A host according to claim 1. characterized in that the protein to be monitored in the 
second expression cassette is or comprises the p-amylold peptide or a functional 
derivative thereof. 

25. A host according to claim 1, characterized In that the terminator of the second 
expression cassette is selected from the group consisting of the terminator naturally 
adjacent to the DNA coding for the protein, the a-factor temiinator and the SUC2- 
tenninator. 

26. An expression cassette according to claim 1 , comprising a promoter operaWy linked to a 
signal sequence, a DNA encoding the p-amyloid peptide or a functional derivative 
thereof, and to a terminator. 

27. A hybrid plasmid comprising an expression cassette according to daim 2 6. 

28. A hybrid plasmid according to daim 27, characterized in that it is based on the two- 
micron plasmid of S. cerevisiae . 

29. A method for the determination of the influence of a compound on the appearance of 
malfolded protein, comprising culturing a transformed host according to d^m 1 under 
suitable conditions, applying the compound to be tested and measuring the amount of 
reporter gene activation. 

30. A method according to claim 29 comprising the steps 

• growing the transfonned host according to daim 1 under suitable conditions. 
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• optionally inducing the expression of protein wtiose malfolding is to be monitored, 

• optionally adding a compound that promotes the malfolding or aggregation, 

• adding the test compound, and 

• monitoring the transcription or translation of the reporter element, or the transcription or 
translation products or the effects caused thereby. 

31. A method according to claim 29. for the identification of compounds that inhibit the 
aggregation of p-amyloid peptide. 

32. A compound identified using the method according to daim 29. 

33. Use of a compound according to daim 32 in a method of treatment. 

34. Use of a compound according to claim 32 for the inhibition of protein aggregation. 

35. Use of a compound according to daim 32, for the treatment of Alzheimer's disease. 
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